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Abstract. We present the prospects for the discovery of a Standard Model Higgs boson 
decaying to bb pair through the Vector Boson Fusion mechanism in association with a central 
photon at the Large Hadron Collider (LHC). The photon provides a clean trigger and several 
advantages despite the fact that the cross section decreases by approximately a factor of aem- 
After applying various optimized selection criteria, we obtain a significance of '^1.9 using 
ALPGEN interfaced with PYTHIA. The expected 6-jet efficiency and fake rates and other 
detector acceptance cuts are taken into account to obtain a more realistic result. 



1. Introduction 

The primary purpose of the LHC is to study the electroweak symmetry breaking mechanism. 
It is described in tlie Standard Model (SM) by the Higgs mechanism which includes a scalar 
Higgs Boson. The largest branching ratio for a low mass Higgs is /i — )• bb. This process could 
potentially help in determining spin, CP, gauge coupling, and Yukawa coupling of the Higgs 
candidates. Gluon-fusion, which is the largest production mechanism, is inaccessible due to 
its large background. The second largest production mode, Vector-Boson- Fusion (VBF), will 
be challenging as there is presently no trigger strategy. A parton level study by E. Gabirelli 
et al. [1\ suggests a statistical signifcance S/y/B around 3 using an associated central photon 
to the VBF production. Despite the fact that requiring an associated photon decreases the 
cross section by approximately a factor of Uem, it provides a clean and efficient trigger. It also 
suppresses the gluonic background as gluons do not radiate a photon and suppresses the hZZ 
signal contribution allowing for possible measurements of the hbb and hWW couplings. We 
investigated the sensitivity by studying the effects originating from hadronization/showering, 
the Underlying Event (UE) model, and jet performance on the discovery potential. 



2. Signal and Background 

There are two stages to create the signal and background samples. First, we generated the 4- 
vector samples using ALPGEN [2|. Then, PYTHIA [3j was used to perform the hadronization, 
showering, UE, and decays. HDECAY [4] evaluates the signal branching fraction. The same 
final state partons 66-|-2jets+7 is our primary background. Due to a possible contamination of 



the high-side of the Z-boson mass peak, we considered Z with multiple jets and a photon. We 
also considered QCD multijets with an associated photon. The cross sections for each sample 
are shown in Table [TJ 
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Table 1. Left: Signal cross-section and branching fraction for a 115 GeV/c^ Higgs mass. Right: 
Background cross-sections, matching efficiencies, and the effective cross-sections. 



3. Jet Reconstruction 

We use particles after hadronization and showering as the jet components to study its effects 
on the potential to observe our signal. We have studied the following algorithms to determine 
which one is preferred: the SISCone with 0.4 and 0.7 cone radius and AntiKt algorithms with 0.4 
and 0.6 aggregation distances [5]. We based our study on five quantities: efficiency of individual 
jets, the jet pair efficiency as a function of the initial parton's distance, the transverse energy 
linearity, the transverse energy resolution and the jet multiplicity after reconstruction. The 
AntiKt algorithm with 0.6 aggregation parameter has the best overall performance and was 
used for the rest of the analysis. 

4. Systematic Uncertainties 

We studied the effects of three sources of uncertainty: choice of factorization and renormalization, 
Monte Carlo tunes and input Parton Density Functions (PDFs). The choice of the factorization 
and renormalization gave an uncertainty of 5% for the signal and ranges from 10% to 60% for 
the backgrounds. The PDFs effects were studied by using the full group 40 CTEQ6M and gave 
an uncertainty of the order of 4% both for signal and background. As for the systematic study 
originating from showering, hadronization and the UE models, we considered variations from 
the nominal tune (Perugia 0) and two other tunes (Perugia 'soft' and 'hard'). It yielded an 
uncertainty of 15.6% and 26.5% for signal and background, respectively, however, the impact 
on the overall significance was approximately 4%. 

5. Results 

We selected events based on the following selection criteria: a photon with pT > 30 GeV/c 
and four or more jets in the event. A VBF likelihood tagger has been developped based on 
the geometrical properties of the VBF quarks to select VBF jets. We also applied kinematic 
selections such as their transverse momenta, invariant mass, and the geometrical separation 
between the two VBF jets. The 6-jets are identified based on the truth information. We 
assumed 60% 6-tagging efficiency which corresponds to a 10 and 200 rejection factors for c-jets 
and light jets (jets originating from u,d,s quarks and gluons), respectively. After we selected 
the VBF and 6-jets candidates, we applied a veto on events with any remaining central jets, 
|r/| < 2 and > 25 GeV/c. Then, we considered a mass window range near the nominal signal 
Higss mass. The expected number of events after each selection criteria are shown in Table [2j 
We obtained a sensitivity S/^/B ~ 1.9 with 100 fb~^ accumulated data for a 115 GeV/c^ SM 
Higgs mass. In addition, we show on Table [3] the expected number of signal and background 
events and their respective significances for 115, 125 and 135 GeV/c^ Higgs mass. Note that 



our result is comparable with the anticipated results from W/Zh{-^ bb) [6j with 50fb^^ of LHC 
data. As other h ^ bb modes do not give overwhelming significance, we should include VBF 
)> bb) + 7 to enable the observation of a light SM Higgs. Moreover, this channel will give us 
the possibility of measuring hbb and hWW couplings. 
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Table 2. Number of expected events for 100 fb ^ of integrated luminosity for a 115 GeV/c^ 
mass Higgs and background samples at each step of the selection process. The Cut # is defined 
in Table H 
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Table 3. Expected signal and background events and overall significance uncertainties for Higgs 
mass of 115, 125, and 135 GeV/c^ for 14 TeV collision energy. 
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Pt(7) > 30 GeV/c 
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Table 4. Selection Criteria 



